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Double vector meson photoproduction, p(γ,G → V V )p, mediated by a scalar glueball G is investi-
gated. Using vector meson dominance (VMD) and Regge/pomeron phenomenology, a measureable
glueball enhancement is predicted in the invariant V V = ρρ and ωω mass spectra. The scalar
glueball is assumed to be the lightest physical state on the daughter pomeron trajectory governing
diffractive vector meson photoproduction. In addition to cross sections, calculations for hadronic
and electromagnetic glueball decays, G → V V ′ (V, V ′ = ρ,ω, φ, γ), and γvV → G transition form
factors are presented based upon flavor universality, VMD and phenomenological couplings from
φ photoproduction analyses. The predicted glueball decay widths are similar to an independent
theoretical study. A novel signature for glueball detection is also discussed.
PACS numbers: 12.39.Mk, 12.40.Nn, 12.40.Vv, 25.20.Lj
I. INTRODUCTION
Even though Quantum Chromodynamics (QCD) is the
accepted theory of hadronic physics, realistic nonpertur-
bative QCD predictions for reaction amplitudes are still
not available. However, Quantum Hadrodynamic (QHD)
calculations continue to provide a reasonable framework
for the analysis of data. Related, the historical success
of vector meson dominance (VMD) and Regge theory
has led to an established legacy for investigating both
electromagnetic and hadronic processes. Because of the
wide interest in the gluonic aspects of QCD, especially
glueballs, and new experimental opportunities at elec-
tromagnetic accelerator facilities, such as Jefferson Lab,
this work combines QHD, VMD and Regge/pomeron
physics to study double vector meson photoproduction,
p(γ,G→ V V )p, mediated by a scalar glueball, G.
Central to our formulation is the pomeron-glueball hy-
pothesis (PGH) [1, 2, 3] which connects the pomeron with
the even signature JPC = 2++, 4++... glueball Regge
trajectory. Indeed both theoretical [1, 2, 3, 4, 5, 6]
and experimental [7] evidence continues to accumulate
which supports this conjecture. The PGH provides an
attractive, logical framework for determining all glueball-
hadron couplings from established pomeron phenomenol-
ogy.
In this study we use the PGH to extend the effective
Lagrangian model developed for φ photoproduction [8]
and time-like virtual Compton scattering (TVCS) [9],
to double vector meson photoproduction mediated by
a scalar glueball. The necessary glueball-vector meson
(V = ρ, ω, φ) hadronic and electromagnetic couplings
are uniquely determined from PGH, VMD and isospin
symmetry (flavor independence) of the glueball-hadron
couplings. In addition to cross sections, we predict the
JPC = 0++ glueball partial decay widths for double vec-
tor, G → V V ′, one photon, G → V γ, and two photon,
G → γγ, decay channels. Since the vector meson lep-
tonic decay constants are known, we also apply VMD
to derive the radiative, γvV → G, transition form fac-
tors required for scalar glueball electroproduction calcu-
lations. Our key finding is the prediction of a measurable
p(γ,G→ V V )p cross section and a glueball enhancement
in the ρρ and ωω invariant mass spectra near 1.7 GeV.
This paper spans six sections. In section II we re-
view the essential features of φ electromagnetic produc-
tion and TVCS [9] that are relevant for formulating V V
photoproduction. Then we detail the QHD model in
section III and in section IV present the VMD rela-
tions, glueball radiative transition form factors and decay
widths. Section V contains our main results with theoret-
ical p(γ, V V )p cross sections documenting a measurable
glueball enhancement and novel signature decay. Finally,
in section VI we summarize and comment on future in-
vestigations.
II. φ PHOTOPRODUCTION AND TVCS
MODEL SUMMARY
Vector meson photoproduction is known to be domi-
nated by diffractive scattering at low momentum transfer
and high energy. The diffractive amplitude has a clear
exponential t-dependence, presumably generated by a
tower of gluon t-channel exchanges, collectively known as
the pomeron [10]. At low energy and for large momentum
transfer, vector meson photoproduction is complicated
by non-diffractive mechanisms such as pseudoscalar me-
son (π, η, η′) exchange [8, 11], nucleon resonances and
two-gluon exchange [12].
In φ photoproduction there are additional non-
diffractive amplitudes due to strangeness knockout [13,
14] and Okubo-Zweig-Iizuka (OZI) [15] violating/evading
φN couplings [8]. The φ photoproduction reaction is es-
2pecially interesting for probing the intrinsic strangeness
content of the nucleon [13, 14] and yields important con-
straints for the (off-shell) nucleon form factors in the vec-
tor meson resonance region accessible in TVCS, γp →
e+e−p [9]. For example, OZI evading φN vector and
tensor couplings contribute to the nucleon strangeness
radius, strange magnetic moment and provide an im-
proved description of the neutron electric form factor,
GnE(q
2) [16, 17, 18, 19, 20].
Our previous results documented that precision φ pho-
toproduction and di-lepton TVCS data near the φ pro-
duction threshold will provide important constraints for
disentangling the complicated diffractive/non-diffractive
amplitude components. In this work we apply the same
effective Lagrangian used to calculate t-channel pomeron
exchange in p(γ, V )p, to scalar glueball photoproduction
p(γ,G → V V )p. An important feature in the photo-
production/TVCS model is the photon-pomeron-vector
meson vertex coupling associated with the t-channel
pomeron exchange. Again we utilize this and now inter-
change the role of the pomeron and vector meson to con-
sider t-channel ρ, ω and φ exchange leading to pomeron,
or via the PGH, glueball photoproduction. We also in-
terpret the scalar glueball as the J = 0 physical state on
the daughter pomeron trajectory.
III. QHD MODEL DETAILS
We formulate the double vector meson photoproduc-
tion reaction as a two step mechanism mediated by a
scalar glueball, G
γ(q, λ) + p(p, σ) −→ p(p′, σ′) +G(q′)
−→ p(p′, σ′) + V (v1, λ1) + V ′(v2, λ2)
where the energy-momentum 4-vectors (helicities) for the
photon, proton, glueball, recoil proton and vector mesons
are given by q (λ), p (σ), q′ = v1 + v2, p
′ (σ′) and
vi=1,2 (λi), respectively. The general case is consid-
ered involving photoproduction of a glueball that may
be on, MG =
√
q′2, or off-shell (virtual), MG 6=
√
q′2,
and decays into two, possibly different, vector mesons
V V ′ = ρρ, ωω, φφ or ωφ having masses MV =
√
v21 ,
MV ′ =
√
v22 . The 3-body final state differential cross
section factorizes
dσ
dt dMV V ′
=
dσv
dt
F<V V ′|G> (1)
where MV V ′ =
√
q′2 is the invariant V V ′ mass and dσv
dt
is the virtual glueball photoproduction cross section
dσv
dt
=
π
ω2cm
| < G p | Tˆ | γ p > |2 . (2)
The vector meson flux, F<V V ′|G>, resulting from the
glueball decay can be expressed in terms of phase space,
PV V ′ , the glueball propagator, ΠG(q′), and the G→ V V ′
decay amplitude, < V V ′|G >,
F<V V ′|G> = PV V ′ | ΠG(q′) |2 | < V V ′|G > |2 (3)
PV V ′ = |q
′|
256π4M2p
ω2cm
ω2lab
(4)
ΠG(q
′2) =
√
q′2
q′2 −M2G + i
√
q′2 ΓG
(
s− sth
s0
)αP(q′2)
(5)
< V V ′|G > = gGV V ′
2M0
FVµν(v1, λ1) F
µν
V ′ (v2, λ2) . (6)
In these equations ω refers to the photon energy (in the
appropriate frame), Mp is the proton mass, ΓG is the
glueball total width, gGV V ′ is the glueball-vector me-
son coupling constant, M0 is a reference mass (set to
1 GeV) which permits a dimensionless glueball coupling
and FVµν is the vector meson current tensor specified be-
low. The effective glueball propagator is a generaliza-
tion of the empiracle space-like pomeron prescription [8]
with the pole mass fixed at MG = 1.7 GeV, consis-
tent with the generally accepted lightest scalar glueball.
Following Ref. [10], we have included in Eq. (5) the
Regge factor, ( s−sth
s0
)αP(q
′2), which describes the high
energy behavior. Here s = (q + p)2 is the usual cm en-
ergy Mandelstam variable and αP(q
′2) is the pomeron
trajectory of even signature glueballs with established
linear form αP(t) = α0 + α
′t. Because Regge theory
only governs the asymptotic high energy behavior, we
introduce the parameter, sth (0 ≤ sth ≤ s0), to de-
scribe the low energy double meson production amplitude
with the reference energy,
√
s0, fixed at the threshold,
s0 = (Mp +MV +MV ′)
2. In previous, successful anal-
yses of φ photoproduction using this prescription [8, 9]
the available data clearly selected the maximum value,
sth = s0, which is used through out this paper. If we omit
the Regge factor the effective gluonic propagator takes a
standard hadron (glueball) form and thus we loosely dis-
tinguish between pomeron (Regge) mediated or glueball
(non-Regge) production. In section V we compare cross
section predictions for both propagators.
In the helicity representation the glueball photopro-
duction amplitude, < G p | Tˆ | γ p >, is
< G p | Tˆ | γ p > = ǫµ(λ) Hµσ′σ , (7)
where ǫ(λ) is the photon polarization 4-vector in the he-
licity basis and Hµσ′σ is the hadronic current obtained
by application of Feynman rules to the tree level s,
t = (q′ − q)2 and u = (p′ − q)2 channel QHD diagrams.
The hadronic current is evaluated in the total cm system
(q+ p = q′ + p′ = 0) with the z-axis taken along q. In
this frame the two photon polarization vectors are
ǫ(λ) = − λ√
2
(0, 1, iλ, 0) (λ = ±) . (8)
The G(0++) → V (1−−)V ′(1−−) decay helicity ampli-
tude, < V V ′|G >, involves the vector meson current
3tensors FVµν(v1, λ1) and F
µν
V ′ (v2, λ2) given by
FVµν(vi, λi) = viµǫiν(vi, λi) − viνǫiµ(vi, λi) (9)
with spin polarization 4-vectors, ǫi(vi, λi), subject to the
Lorentz condition vi · ǫi = 0 for i = 1, 2. These polariza-
tion vectors satisfy
∑
λi
ǫµi (vi, λi)ǫ
ν
i
∗(vi, λi) = −gµν + vµi vνi /M2i (10)
where gµν = g
µν is the standard metric tensor. The in-
variant helicity decay amplitude involves the contraction
FVµνF
µν
V ′ = 2 (v1 · v2 ǫ1 · ǫ2 − v1 · ǫ2 v2 · ǫ1) (11)
and can be evaluated in the glueball rest frame where,
with v1 along the z-axis, the mesons 4-momenta are
v1 = (E1,v1) = (E1, 0, 0, kV ) (12)
v2 = (E2,v2) = (E2, 0, 0,−kV ) . (13)
The 3-momentum kV = |v1| = |v2| depends on the vector
meson and the glueball (invariant V V ′) masses
kV =
1
2
√
q′2
[
(q′
2
+M2V −M2V ′)2 − 4q′2M2V
] 1
2
. (14)
In this frame the meson polarization vectors are
ǫ1(λ1 = ±) = − λ1√
2
(0, 1, iλ1, 0) (15)
ǫ1(λ1 = 0) =
1
MV
(kV , 0, 0, E1) (16)
ǫ2(λ2 = ±) = − λ2√
2
(0, 1, iλ2, 0) (17)
ǫ2(λ2 = 0) =
1
MV ′
(−kV , 0, 0, E2) . (18)
If the spins of the final state mesons are not detected,
the cross section entails a helicity sum giving the factor
S ≡
∑
λ1λ2=0,±1
| < V V ′|G > |2 (19)
=
g2GV V ′
M20
∑
λ1λ2=0,±1
[ v1 · v2 ǫ1(λ1) · ǫ2(λ2)
− v1 · ǫ2(λ2) v2 · ǫ1(λ1) ]2 . (20)
Using the above specific kinematical representation for
vi and ǫi or, more generally for any frame, Eq. (10), the
summation reduces to the invariant result
S =
g2GV V ′
M20
[
2(v1 · v2)2 +M2VM2V ′
]
(21)
→ g
2
GV V
2M20
[
(M2V V − 2M2V )2 + 2M4V
]
(V = V ′).(22)
The effective QHD Lagrangian for the strong and
electromagnetic interactions generates the following
contributions to the hadronic current
t-channel V = ρ, ω, φ exchange amplitudes:
Hµσ′σ = e gV NN
κGV γ
M0
Ft(t;λcut)
× u¯(p′, σ′) [ γµ + i κ
T
V
M0
σµαq′α ]u(p, σ) (23)
s-channel proton-glueball coupling amplitude:
Hµσ′σ = e gGNN u¯(p′, σ′)
(p+ q) · γ +Mp
s−M2p +Σp(s)
×[ γµ + i κp
2Mp
σµβqβ ] u(p, σ) (24)
u-channel proton-glueball coupling amplitude:
Hµσ′σ = e gGNN u¯(p′, σ′) [ γµ + i
κp
2Mp
σµβqβ ]
× (p
′ − q) · γ +Mp
u−M2p +Σp(u)
u(p, σ) . (25)
Here e =
√
4παe and each hadronic current term has an
effective coupling strength involving a glueball hadronic
or electromagnetic coupling constant. The factor κTV in
Eq. (23) is the tensor to vector coupling constant ratio
for the ρ, ω or φ nucleon vertex and κp = 1.793 is the
proton anomalous magnetic moment.
In the t-channel the hadronic form factor, Ft(t;λcut),
incorporates the composite nucleon and vector meson
structure which can be calculated in constituent quark
models and is important for regulating the energy and
momentum transfer dependence in meson photoproduc-
tion [21, 22]. However, to preserve the covariance and
crossing properties of our model, we employ the phe-
nomenological form factor [8, 9]
Ft(t;λcut) =
λ4cut + t
2
min
λ4cut + t
2
, (26)
normalized to unity at tmin = t(θ
cm
γG = 0). Fitting
the p(γ, φ)p data yields the optimum cut-off parameter
λcut = 0.7 GeV. Also note that, unlike vector meson
electromagnetic production, for t-channel JPC = J++
glueball (pomeron) production, pseudoscalar meson ex-
change is prohibited by C-parity conservation. Hence π
exchange only contributes to the production of C = odd
glueball states which have much higher masses and are
also more difficult to detect.
In the s and u-channels, the highly virtual proton prop-
agation requires an off-shell form factor prescription. Be-
cause the s and u-channel diagrams must combine to pro-
duce a conserved hadronic current, we incorporate the
off-shell effect as a self-energy correction. Constrained
by gauge invariance and the proton mass, the self-energy
function must vanish at the proton pole and also be an
odd function of s−M2p . Hence we take
Σp(s) = αoff
(s−M2p )3
M4p
. (27)
4The dimensionless off-shell parameter, αoff = 1.29, was
determined by fitting recent φ photoproduction data [23].
The model parameters for the pomeron amplitude are
listed in Table I and the vector meson coupling constants
are specified in Table II. The glueball-vector meson cou-
plings are assumed to be flavor independent (universality
hypothesis) due to isospin/flavor invariance of gluonic in-
teractions.
TABLE I: Pomeron/glueball hadronic coupling and Regge
trajectory, α(t) = α0 + α
′t, parameters.
gGNN gGV V ′ α0 α
′ (GeV −2)
44.0 3.43 1.0 0.27
TABLE II: Vector meson coupling constants.
gρNN gωNN gφNN κ
T
ρ κ
T
ω κ
T
φ
2.014 3.411 1.306 6.100 0.140 1.820
IV. GLUEBALL DECAY WIDTHS AND
TRANSITION FORM FACTORS
In this section we present our VMD formulation for
the proton, vector meson and glueball transition form
factors. In our previous φ photoproduction/TVCS calcu-
lations we utilized a hybrid VMD approach [19, 20] that
was a generalization of the model developed by Gari and
Kru¨mpelmann [18]. This formalism incorporates SUF (3)
symmetry relations and Sakurai’s universality hypothe-
sis to describe the baryon octet EM form factors, pre-
dominantly constrained by nucleon data. Our treatment
provided a good quantitative description of the data us-
ing the vector meson-nucleon couplings, Cρ(N) = 0.4,
Cω(N) = 0.2 and Cφ(N) = −0.1 (see Ref. [19] where
the value of Cφ(N) was optimized to describe G
n
E data).
Here CV (N) = gV NN/fV is the ratio of the vector meson-
nucleon hadronic coupling, gV NN , to the vector meson-
leptonic decay constant, fV . Using
ΓV→e+e− =
4πα2e
3
MV
f2V
(28)
for the φ → e+e− decay yields, fφ = −13.1, giving
the φN coupling gφNN = 1.3. Recent, preliminary G
n
E
measurements from Jefferson Lab indicate a reduction
at higher momentum compared to previous data, which
suggests an even larger φN coupling. Although there
is uncertainty in gφNN , which is governed by the cur-
rently unknown nucleon strangeness content (as well as
the small, but better known, u and d quark content of
the φ), the value gφNN = 1.3 accurately reproduces [9]
both old, low, and new, high, t φ photoproduction data.
The ratio of the φN to the ωN coupling constant is
gφNN/gωNN = 0.37, slightly smaller but still consistent
with Ref. [24].
The γπ → γv, γη → γv and γG → γv transition form
factors are computed from VMD using the vector meson
propagators, ΠV=ρ,ω,φ(q
2), with observed widths, ΓV ,
ΠV (q
2) = − M
2
V
q2 −M2V + i
√
q2 ΓV
(29)
and couplings determined directly from the φ→ γπ, φ→
γη, ω → γπ, ω → γη, ρ→ γπ and ρ→ γη decays
ΓV→Xγ =
αe
3
k3X
M20
κ2XV γ (30)
for X = π, η and G. Again the mass, M0 = 1.0 GeV, is
an arbitrary scale in the XV γ Lagrangian and kX is the
rest frame 3-momentum of the decay particles, given by
a relation identical to Eq. (14). VMD then yields
κpiγγ Fγpi→γv (q
2) =
∑
V=ρ,ω,φ
CpiV γ ΠV (q
2) (31)
κηγγ Fγη→γv (q
2) =
∑
V=ρ,ω,φ
CηV γ ΠV (q
2) (32)
κGγγ FγG→γv (q
2) =
∑
V=ρ,ω,φ
CGV γ ΠV (q
2) , (33)
where the dimensionless C-coefficients are ratios of tran-
sition moments and decay constants
CpiV γ =
κpiV γ
fV
(34)
CηV γ =
κηV γ
fV
(35)
CGV γ =
κGV γ
fV
. (36)
The pomeron/glueball radiative and transition decay
constants are not directly known, however they have been
indirectly extracted from φ photoproduction data and
the VMD/universality relation [8, 9]
κGV γ = gGV V ′
[
1
fρ
+
1
fω
+
1
fφ
]
= 0.62 . (37)
Using the most recently measured vector meson radia-
tive and leptonic decay widths [25], we obtain the VMD
coupling constants summarized in Table III.
The pseudoscalar π → γγ and η → γγ radiative decay
widths
ΓX→γγ =
πα2e
4
M3X
M20
κ2Xγγ , (38)
provide a VMD consistency check for the π and η tran-
sition form factors, Eqs. (31) and (32), due to the nor-
malization conditions (Fγpi→γv (0) = 1, etc.)
κpiγγ =
κpiργ
fρ
+
κpiωγ
fω
+
κpiφγ
fφ
(39)
κηγγ =
κηργ
fρ
+
κηωγ
fω
+
κηφγ
fφ
. (40)
5TABLE III: VMD couplings from measured decays [25]. The
flavor independent glueball couplings are from Refs. [8, 9].
V κpiV γ κηV γ κGV γ fV
ρ 0.901 1.470 0.62 5.0
ω 2.324 0.532 0.62 17.1
φ 0.138 0.715 0.62 -13.1
Using recent data [25] we obtain excellent agreement be-
tween experiment and the VMD predictions
experiment [Eq. (38)] : κpiγγ = 0.27 κηγγ = 0.26
VMD [Eqs. (39, 40)] : κpiγγ = 0.30 κηγγ = 0.27 .
The glueball hadronic widths, using
ΓG→V V =
g2GV V
4π
k3V
M20
, (41)
are listed in Table IV. The notation N/A indicates not
allowed by isospin conservation, while N/P represents in-
sufficient phase space. It is noteworthy that the G→ ρρ
and ωω widths of 44.4 and 34.6 MeV reasonably compare
to predictions from an independent glueball mixing and
decay analysis [26] which predicts 46 and 12 MeV, re-
spectively. The electromagnetic widths, using Eq. (30),
are presented in Table V. The vector meson photon decay
widths are also shown for comparison.
We can also calculate the glueball 2-photon radiative
decay width by first evaluating Eq. (33) for q2 = 0,
κGγγ = κGV γ
[
1
fρ
+
1
fω
+
1
fφ
]
= 0.11 (42)
where again universality is invoked for all V . The VMD
prediction from Eq. (38) for the G→ γγ decay width is
then, ΓG→γγ = 2.6 eV, which is comparable to the meson
decay widths Γpi→γγ = 7.74 eV and Γη→γγ = 0.46 eV.
Combining the above values yields a total hadronic V V
scalar glueball width of 79 MeV which of course only
represents a lower bound for the full width. Indeed there
are several other decay channels involving lighter mesons
(π, η, K, a1) which will compete and Ref. [26] estimates
the total width could be up to 250MeV. The actual width
is between these two limits and probably closer to the
observed widths for the f0(1500) and f0(1710) glueball
candidates which are 109 and 125 MeV, respectively.
TABLE IV: VMD glueball hadronic decay widths in MeV.
ΓG→V V ′ ρ ω φ
ρ 44.4 N/A N/A
ω N/A 34.6 N/P
φ N/A N/P N/P
TABLE V: VMD glueball electromagnetic decays in eV.
V → ρ ω φ
ΓG→V γ 866 844 454
ΓV→piγ 102 717 6
ΓV→ηγ 36 6 59
Finally, glueball electroproduction via intermediate
virtual photons will require form factors for the transi-
tion γvV → G. Again, simple application of VMD yields
the appropriate γvV → G transition form factors
κGV γ FγV→G(q
2) =
∑
V ′=ρ,ω,φ
gGV V ′
fV ′
ΠV ′(q
2) . (43)
V. CROSS SECTION PREDICTIONS
This section summarizes the key cross section findings
and presents results for a variety of kinematics. Figure
1 displays the exclusive photoproduction cross section
versus the V V invariant mass. The three solid curves,
corresponding to different glueball widths, represent pro-
duction and decay to the ρρ or ωω final states. Because
of universality (gGρρ = gGωω) and the near degeneracy of
the ρ and ω masses, the ρρ and ωω production cross sec-
tions are essentially equal so one curve represents both
channels. The two short dashed curves are for φφ pro-
duction which has a higher threshold.
The long dashed curve is the non-Regge prediction us-
ing ΓG = 79 MeV. This is the result using the gluonic
propagator without the Regge factor and, as discussed
previously, can be regarded as production mediated by
more conventional hadron (glueball) formation. Notice
that it is about a factor of 4 larger than the Regge
(pomeron) prediction using the same width (top solid
line). A similar increase occurs for the two other widths
(not shown).
To document sensitivity to the uncertain glueball
width, three values are displayed. The upper solid curve
depicting the distinct resonant glueball structure assumes
that vector meson decay saturates the entire glueball
width and uses the value ΓG→V V = ΓG→ρρ + ΓG→ωω =
79 MeV from Table IV. The lower curve corresponds to
a width of 238 MeV which is taken as an upper bound
and is also the numerical width necessary to completely
suppress the glueball cross section enhancement. The
middle curve uses ΓG = 125 MeV which, as discussed
in section IV, is probably closer to the physical glueball
value. Hence, if the actual width is roughly of order 100
MeV, a clear glueball enhancement can emerge.
The two dashed φφ production curves, corresponding
to the minimum and maximum glueball widths, are es-
sentially the same since the φφ threshold is well above
the on-shell glueball mass (MG = 1.7 GeV) and only
a small effect is present from the off-shell gluonic prop-
agator. Consequently φφ production is predicted to be
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FIG. 1: Cross sections for p(γ,G → V V )p vs. the invariant
V V mass. Solid lines represent the ρρ (or ωω) cross sections
for different glueball widths. The short dashed curves repre-
sent φφ photoproduction. The long dashed curve omits the
Regge energy dependence.
devoid of a light scalar glueball enhancement. This is also
why the ρρ (or ωω) curves converge at higher invariant
V V mass, a region of interests for effects from a tensor,
JPC = 2++, glueball that is expected to have mass near 2
GeV. Related, Ref. [25] lists several f2, possible glueball,
states above 2 GeV with observed φφ decays.
The cross section kinematics reflect the capability of
the envsioned Hall D facility at Jefferson Lab. Depend-
ing on choice of gluonic propagator, there is sensitivity to
the incident photon energy as indicated in Fig. 2. While
the energy behavior of the non-Regge prediction (dashed
line) is relatively flat, the Regge calculation (solid curve)
increases with higher beam energy. There is little energy
or s dependence in the non-Regge calculation since the
cross section is at forward angles (t-channel dominated).
Because the Regge formulation is more phenomenologi-
cally based, it is our preferred prediction. However, it
would be interesting to confront both results with mul-
tiple vector meson production data at low and high en-
ergies. Interestingly, the two formulations yield similar
cross sections (and measurable production rates) near 7
GeV which is a frequently cited Jlab upgraded photon en-
ergy. Hence it should be feasible to confirm the gluonic
enhancement predicted in Fig. 1.
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FIG. 2: Comparison of Regge (pomeron, solid line) and non-
Regge (glueball, dashed line) mediated production vs. lab
energy.
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FIG. 3: Relative s, t and u-channel contributions.
7There is significant sensitivity to the production final
state angle, θcm, or momentum transfer. This is reflected
in Fig. 3 which details a falling, then rising cross section
with increasing angle. Note the minimum cross section
occurs for θcm = 90
o. This prediction is for Elabγ = 6.0
GeV and corresponds to the intermediate, more repre-
sentative glueball width. As expected for small angles
(low t) t-channel vector meson exchange dominates with
ρ exchange (dense dot curve) being the most important.
At larger angles (higher t) s and u-channel amplitudes
emerge (dashed curve) corresponding to production from
glueball-proton coupling. Because both s and q′ are fixed,
the Regge and non-Regge (not shown) results have iden-
tical t-channel relative contributions and variations.
It is important to relate these predictions to the ex-
pected background V V production from non-glueball me-
diated processes. Unfortunately, to our knowledge there
are no specific model calculations in this energy region.
However, other double meson photoproduction calcula-
tions exist and Refs. [27, 28] predict cross sections com-
parable in magnitude to those calculated here. Further,
Ref. [27] investigates possible exotic, JPC = 1−+, meson
excitation in γp → ρ0π+n and predicts a similar reso-
nance profile to our glueball production result.
Finally, we note a novel detection signature predicted
by this analysis. Because of the dominant ρ→ ππ, ω →
πππ and φ → KK decays, the presence of a glueball
excitation should be correlated with a 4 and 6 π decay
around 1.7 GeV in the invariant ρρ and ωω mass spectra,
respectively. Further, and depending on the proximity of
the glueball mass to the ωφ threshold, there also may
be a π+π−π0K+K− decay near or above 1.8 GeV in the
ωφ spectrum. The latter may be a unique signature as
there are no hadrons listed with this decay. This would
be an ideal experiment for the envisioned Hall D large
acceptance spectrometer.
VI. CONCLUSIONS
This work combines the time-honored tools of Quan-
tum Hadrodynamics, vector meson dominance and Regge
theory with the pomeron-glueball connection hypothe-
sis to predict glueball production and decay processes.
Using a minimal set of parameters independently deter-
mined from recent hadronic and electromagnetic analy-
ses, a measurable cross section is predicted for p(γ,G→
V V )p. Most significant is a possible scalar glueball en-
hancement near 1.7 GeV in the ρρ and ωω invariant mass
spectra. This resonant cross section structure is sensitive
to the total glueball width and should be discernable if
the width is of order 100 MeV. If the actual width is sig-
nificantly larger, say greater than 200 MeV, it may still
be possible to detect a scalar glueball via decay to ei-
ther 4 or 6 pions having an invariant mass near 1.7 GeV.
Even more novel would be a correlated π+π−π0K+K−
observation in this same mass region, which would be a
unique decay signature from a scalar hadron. Such mea-
surements would be ideal for the envsioned JLab energy
upgrade and new Hall D wide acceptance spectrometer.
Future work will address other scalar glueball decay
channels. Related, tensor glueball production and decay
will be investigated which will be especially interesting
since the 2++ glueball mass is expected to be above the
clear signature φφ decay threshold.
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